It can be postulated that the striking biological specificity shown by viruses is determined by or associated with certain specific nucleoproteins contained in the viral particle. If this be true, then it might be possible to inhibit viral multiplication without interfering with the function of host cell nucleoproteins, provided that sufficiently selective means were available. Such means are not available as yet and exploration of the nucleoprotein metabolism of virus infected host cells appears important. Studies of this kind have been undertaken with bacterial cells infected with bacterial viruses'" but it has not been feasible to conduct similar investigations on infected animal host cells. Such studies should result in the acquisition of knowledge which might indicate new approaches to the problem of selective viral inhibition and increase understanding of the nature and mechanisms of the biological specificity exhibited by viruses.
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The use of benzimidazole derivatives in such an investigation appeared fruitful. Vitamin B12 is known' to contain a benzimidazole moiety, i.e., The recent observations of several groups of investigators that thymidine can replace vitamin B12 in the nutrition of several lactic acid bacteria17 were quickly extended, and it was learned that the desoxyribosides of adenine, guanine, hypoxanthine, and cytosine are as effective as thymidine.'7 Desoxyribonucleic acid can also be utilized slowly in place of vitamin B12 by some of these microorganisms.' A close metabolic relationship between desoxyribonucleic acid and vitamin B12 is apparent from this evidence which involves microbial growth. Organic chemical evidence supporting this rela-tionship is provided by the recent studies on the hydrolysis of pseudovitamin B12. The occurrence of adenine (II) instead of 5,6-dimethylbenzimidazole in the molecule has been demonstrated. ' The structure of the benzimidazole (I) in vitamin B12, and the purine (II) have the same bicyclic skeleton with respect to size and a common imidazole ring, and it is apparent that analogs of the benzimidazole are of considerable interest as regards possible selective inhibitory activity on viral multiplication. The initial studies of 5,6-dimethylbenzimidazole and related derivatives for growth-promoting and growth-inhibitory effects in rats revealed that 2,5-dimethylbenzimidazole (III) appeared to be unique, in preliminary tests, by causing a growth depression.'m This substance, therefore, was particularly suitable for beginning a study of the effects of benzimidazole derivatives on viral multiplication.
5,6-dimethylbenzimidazole (I)
In this report the inhibition of influenza B virus (Lee strain) multiplication by 2,5-dimethylbenzimidazole is described in some detail. The effect of this compound on the multiplication of influenza A virus (PR8 strain) also is described.
MATERIALS Viruses. Lee and PR8 strains of influenza B and A viruses were used. Each virus was inoculated into the allantoic sac of 10-or 11-day chick embryos. The Lee infected eggs were incubated at 350 C. for 32 hours, whereas the PR8 infected eggs were incubated at the same temperature for 24 hours. These periods of incubation, which are shorter than those usually employed, were chosen in order to assure maximal quantities of infectious and minimal quantities of non-infectious virus in the allantoic fluid. The eggs were then chilled at -28°C. for one hour. After harvest, the allantoic fluid was stored in 1 ml. amounts at -65' C. Each tube of seed virus was used but once. The hemagglutination titer was 1: 4096 and the infectivity titer was 10 -for both viruses.
Red blood cells. Blood from individual chickens was collected into ACD'6 solution and stored at 40 C. The red cells were washed three times with 0.85% NaCl buffered at pH 7.2 with 0.01 M phosphate, and a 0.5% suspension by volume was prepared.
Hemagglutination titrations. Serial twofold dilutions of infected allantoic or nutrient fluid were made in 0.5 ml. volumes of buffered saline in round bottom Kahn tubes and 0.5 ml. of RBC suspension was added to each tube (final concentration = 0.25%). Tests were read after one hour at 250 C. The last tube showing strong agglutination (2 to 3+) was considered as the end point. The titer was expressed as dilution at the end point. Each titer recorded in the tables represents the geometric mean of the individual titers obtained on the fluids from a group of 4-6 membrane preparations used with each variable. In several experiments, infectivity titers were also determined and good correspondence between hemagglutination and infectivity titers was found.
Infectivity titrations. Serial tenfold dilutions of virus were made in buffered saline in an icebath and dilutions were inoculated allantoically into groups of 10-day-old chick embryos, 0.1 ml. per egg. Eggs were incubated at 350 C. for 48 hours. After chilling overnight at 4°C. or for one hour at -28°C., the allantoic fluids were harvested and tested for hemagglutinating ability. The 50% embryo infectivity end point (E.I.D.50) was calculated in the usual manner. Table 1 summarizes the results of such an experiment. As can be seen, the degree of inhibition was markedly dependent on the concentration of 2,5-dimethylbenzimidazole.
EXPERIMENTAL RESULTS

Inhibition of Lee
Variation in the concentration of the compound by a factor of 1.4 resulted in a change in the extent of viral inhibition by a factor of 4 or greater. The extent of inhibition was closely comparable at 41 and at 65 hours of incubation. Table 2 summarizes the results of an experiment of this kind. It can be seen that the degree of inhibition was much more marked as less virus was used in the inoculum. At 23 hours, the titers of control specimens which had received smaller inocula were considerably lower than the specimen which contained 10" E.I.D.50. At 48 hours, the concentration of virus in all the control specimens had reached similar high levels. The results, summarized in Table 3 , indicate that in this experiment multiplication of the virus was inhibited to approximately the same extent as in experiments in which the membrane was exposed simultaneously to 2,5-dimethylbenzimidazole and to the virus.
Mode of action of 2,5-dimethylbenzimidazole. The effect of 2,5-dimethylbenzimidazole on the capacity of the chorioallantoic membrane to support viral multiplication was studied in experiments in which, after a 24-48-hour period of incubation, the concentration of the compound was reduced to essentially non-inhibitory levels by dilution with nutrient fluid. The results of a representative experiment are given in Table 4 . In this experiment, 90 mgm. portions of membrane from 14-day eggs were suspended in N.F.2 (Group 1) or in 0.0025 M 2,5-dimethylbenzimidazole in the same diluent (Groups 2 and 3) and inoculated with sufficient Lee virus to give 10È .I.D.50 per ml. After incubation for 42 hours, hemagglutination titers were determined and to tubes in Groups 1 and 2 three volumes of N.F.2 were added, whereas Group 3 received 2,5-dimethylbenzimidazole in N.F. 2. At 68 hours, aliquots again were withdrawn and the concentration of virus was measured. As can be seen, the multiplication of Lee virus at 42 hours in the treated groups (2 and 3) was limited to less than 2%o of the controls. At 68 hours, the same degree of inhibition was found in Group 3. However, in Group 2, in which the concentration of the compound had been reduced at 42 hours from 0.0025 M to 0.0006 M, the titer was the same as in the control, indicating that the treated membrane retained, in undiminished degree, the capacity to support viral multiplication.
Experiments were carried out to determine if 2,5-dimethylbenzimidazole had a direct inactivating effect on Lee virus. 10`6 E.I.D.50 of virus per ml. of N.F.1 or N.F.2 was held in the presence of 0.0034 M of the substance for 2 hours at 350 C. Control tubes, containing virus but no compound, were handled similarly. Infectivity titrations then were carried out in embryonated eggs. In three experiments, no difference was found between the virus titers of the 2,5-dimethylbenzimidazole treated specimens and the controls.
Lack of effect of 2,5-dimethylbenzimidazole on adsorption of Lee virus by the chorioallantoic membrane was established in experiments conducted as follows: 10`-E.I.D.50 of virus per ml. of N.F.1 was absorbed with 400 mgm. of membrane from 12-day embryonated eggs in the presence or absence of 0.0034 M of the compound. The specimens were held for 30 minutes at 350 C. and then centrifuged at 1,500 r.p.m. for five minutes.
Under these conditions, 75% of the virus, as determined by hemagglutination titrations, was adsorbed regardless of the presence or absence of 2,5-dimethylbenzimidazole.
Experiments designed to show if the substance had an effect on agglutination of RBC by Lee or PR8 virus indicated that in a concentration of 0.0034 M the compound did not inhibit agglutination of chicken RBC by these agents nor did the substance itself cause agglutination of such RBC.
Studies on the oxygen uptake of chorioallantoic membranes were conducted in the Warburg apparatus. They showed that 2,5-dimethylbenzimimidazole, in the concentrations employed in this investigation, did not 
DIscUSSION
Several facts indicate that 2,5-dimethylbenzimidazole inhibits the multiplication of influenza viruses through an effect upon the host cell rather than on the virus. The compound actively inhibits Lee virus multiplication even when given sufficiently long after inoculation of a large amount of virus to assure that the process of intracellular multiplication of the agent is well under way. The lack of any effect of the compound on the adsorption of the virus by the chorioallantoic membrane and the finding that the virus is not inactivated by the substance support this view. Moreover, the fact that the membrane maintains its capacity to support viral multiplication, despite prolonged exposure to the compound, clearly indicates that the inhibitory activity is not attributable to a nonspecific or irreversible effect upon the host cells. In addition, the lack of an effect of the compound on the 02 consumption of the membrane suggests that metabolic pathways other than those concerned with oxidative reactions are affected.
The marked dependence of the degree of inhibition on the amount of virus inoculated merits comment. If it is assumed that inhibitory concentrations of 2,5-dimethylbenzimidazole limit the multiplication of Lee virus in infected cells to a fixed fraction of the control yield, then small inocula would be expected to show a greater degree of inhibition during a fixed time interval. With small inocula, more cell-cycles of multiplication are required before maximal titers are reached than is the case with large inocula. If the effect of the compound in limiting multiplication is operative during each successive cycle, then the number of cycles required before maximal titers are reached will be increased because the total yield from one cycle affects that from the next. In theory, maximal titers should ultimately be reached despite the presence of the substance. However, with sufficiently high concentrations of 2,5-dimethylbenzimidazole, the time required to attain this end becomes very long indeed. During this period it is probable that other factors would come into play and alter the final result in favor of the host cell.
The mechanism by which 2,5-dimethylbenzimidazole achieves an inhibitory effect on the multiplication of influenza viruses has not been established as yet. It appears possible, however, that the use of purine and pyrimidine bases as well as nucleosides in attempts to block the inhibitory action of this compound may throw some light on this important problem. SUMMARY 2,5-Dimethylbenzimidazole inhibits the multiplication of influenza B virus (Lee strain) or influenza A virus (PR8 strain) in the chorioallantoic membrane in vitro. The compound is inhibitory when given one hour after inoculation of a large amount of virus. It does not inactivate, nor does it interfere with, adsorption of the virus by the membrane. In concentrations which inhibit Lee or PR8 virus multiplication, the compound does not decrease 02 consumption of the membrane. Prolonged exposure of the membrane to the compound does not diminish the capacity of the membrane to support Lee virus multiplication.
